The ability to predict post-operative mortality reliably will be of assistance in making decisions concerning the treatment of an individual patient. The aim of this study was to test the GAS score as apredictor of post-operative mortality in vascular surgical patients.
INTRODUCTION
Anumber of rating systems have been developed to predict operative risks and postoperative mortality in surgical patients. Because of their complexity,there has been a need to find a model for assessing operative risk that is easy to both calculate and use. Samy et al. (1, 2) derived and validated a simple scale, the Glasgow Aneurysm Score (GAS), for risk stratification of patients undergoing elective and emergency open repair of an abdominal aortic aneurysm (AAA). In the study by Biancari et al. (3) , GAS proved to be a good predictor of mortality after elective open repair of an AAA, in addition to its simplicity and accuracy. Most of the related studies have evaluated the value of risk scores in predicting operative mortality and morbidity. However, long-term outcome is also important when surgical procedures areplanned for the patients. In the case of poor long-term mortality, the patient may not gain the benefit from the procedure and the operation may even cause more harm than non-surgical treatment. These facts raised the question whether the operative risks and long-term mortality of vascular surgery patients could generally be predicted with risk scoring methods. The aim of the current study was to evaluate the importance of different risk factors for the mortality of vascular patients, in addition to assessing the usefulness of the GAS and ASA classifications in predicting the immediate postoperative and long-term mortality of patients undergoing vascular surgery.
MATERIAL AND METHODS
Atotal of 157 consecutive patients who underwent an elective vascular surgical procedure in a teaching hospital between 9April 2002 and 9April 2003 werei ncluded in the study. The study was approved by the local ethics committee, and written consent to participate was obtained in all cases.
Data was collected prospectively. The data recorded comprised a patient history from case reports, anamnesis and physical examination as well as electrocardiography (ECG), chest radiography and basic laboratory testing including serum creatinine and haemoglobin levels. The preoperative examination and data collection wereperformed by a vascular surgeon or vascular surgical fellow, and the ASA (American Society of Anesthesiologists) score was determined by an anaesthetist.
Patients weredivided into three groups according to the indication for surgery: carotid procedures for cerebrovascularc irculation, chronic limb ischaemia and abdominal aortic aneurysm.
The Glasgow Aneurysm Score (GAS) was calculated using the formula: risk score = age in years + 7 (for myocardial disease) +1 0( for cerebrovascular disease) +1 4( for renal disease) (1, 2) . Myocardial disease refers to a previously documented myocardial infarction and/or ongoing angina pectoris. Cerebrovascular disease refers to all grades of stroke including transient ischaemic attack (TIA). Renal disease refers to ahistory of chronic and acute renal failure, and/or aserum level of creatinine greater than 140 µmol/l at thetime of surgery.Patients weredivided into two GAS groups based on the study by Hirzalla et al. (4): GAS <77 (GAS low) and GAS >=77 (GAS high).
Ap ostoperativer enal complication was defined as an increase in the serum concentration of creatinine or urea that required medical treatment or dialysis. Apostoperative cardiac complication was defined as amyocardial infarction (ECG changes or increased serum troponin level) or death due to cardiac causes, as well as postoperative cerebrovascular complications such as a TIA or stroke. Long-term mortality data up to 5years postoperatively wereobtained from the cause of death registry of Statistics Finland. No patients were lost from the follow-up.
The data werestatistically analysed using the SPSS 13.0 software. Data aree xpressed as mean value and standard deviation. TheChi-Squaretest, logistic regression as well as the Cox proportional hazards model and the Kaplan-Meier Survival Analysis were used in data analysis. Table 1 . The most common indication for the procedure was chronic limb ischaemia (60.5%, 95/157), followed by carotid disease (26.1%, 41/157) and abdominal aortic aneurysm (13.4%, 21/157).
RESULTS

Demographic data of the patients arep resented in
The 30-day mortality rate was 2.5% (4/157). The incidenceofpostoperative complications is presented in Table 2 . The only independent risk factor for 30day mortality was the renal risk factor (OR 20.2) (Table 3A). None of the patients in the GAS low group died, and the mortality rate in the GAS high group was 4.8% (p =0.03).
During the 5 years following the procedure, 40.8% (64/157) of the patients died. In the Cox proportional hazards model, independent predictors for long-term mortality included the renal risk factor (OR 3.9), the cardiac risk factor (OR 2.3), age (OR 1.04/year) and (Table 3B ). 12-month survival for the patients in the GAS low and GAS high groups was 98.6% and 78.6%, respectively (p <0.0001), the respective 5-year figures being 76.7% and 44.0% (p =0.0001). All 4patients with renal disease, cardiac disease and cerebrovascular disease died within 2 years of the procedure. The Kaplan-Meier survival rates for patients according to the renal risk factor, the ASA classification and GAS are presented in Fig-ure1 .
DISCUSSION
To ensurea ppropriate use of health carer esources anda void futile attempts at intervention in patients with high risk, the role of judicious patient selection is essential. On the other hand, the intuition of an experienced surgeon is generally based on quite obvious clinical symptoms. Anumber of scoring systems have been developed to predict outcome for patients and to assist in the decision-making in a more objective way, therefore justifying the procedure. The Physiological and Operative Severity Scoref or the enumeration of mortality and morbidity (POSSUM) (5, 6) is widely used among surgeons and can surely be considered a standard method, but its suitability for vascular surgical procedures (V-POSSUM), especially aortic aneurysm surgery (RAAA-POSSUM), has been doubted (7, 8) . Furthermore, the POSSUM score was originally designed to support comparative audit and has not been recommended for outcome prediction. Moreover, it is relatively difficult to use in daily practice.
In the present study, the GAS cut-offv alue was determined at 77 according to Hirzalla et al. (4) , dividing the patients into low and high-risk groups. A risk score of less than 77 predicted a fairly low mor- Fig. 1 . Kaplan-Meier 5-year survival in low-risk and high-risk patients according the GAS classification (A) (1 =GSA low; 2=GAS high), according to the ASA classification (B) and in patients with or without renal insufficiency (C) (Cut-off value for serum creatinine 140). AB C tality after procedures, while ar isk scoreo fh igher than or equal to 77 was clearly associated with a higher mortality. However, the use of this method in clinical practice is limited. GAS has agood predictive value for patients who survive, but it is not as accurate in attempting to identify those patients who do not survive the operation or whose life expectancy after the procedure is limited.
Multivariate analysis of short-term mortality demonstrated that although renal insufficiency is a significant risk factor,diabetes alone without renal complications does not significantly increase the incidence of short-term mortality.W ith regardt ol ong-term mortality in our study with five years' follow-up, renal insufficiency alone was connected with high mortality: none of these patients survived the follow-up period of five years. Cardiac disease appeared to be a strong risk factor in addition to renal insufficiency and age. The combination of all three GAS variables, with the exception of age, yielded an extremely high mortality rate: all of these patients died within two years' follow-up. Although the number of these patients was low -only four -the message is clear that these patients are at an extremely high risk after vascular surgery. What was interesting was that the survival rate for ASA 2a nd ASA 3p atients was almost the same, being significantly better than among the ASA 4 patients. Because the number of ASA 2 patients was only 10, however,a ny strong conclusions cannot be made.
When comparing different types of surgical procedures, the group of carotid endarterectomy (CEA) patients seemed to manage better during afive-year follow-up than the groups of infrarenal aortic and infrainguinal patients, although carotid patients were significantly older than those included in other groups. In addition, GAS was higher for carotid patients due to the high age and to cerebrovascular disease of which nearly all of them suffered. However, the carotid patients had alower incidence of cardiac and renal disease. Furthermore, although they had cerebrovascular disease, this risk decreased when the carotid stenosis was treated surgically.Therefore, the CEArisk assessment differs from the risk assessment for the other groups, and the importance of cerebrovascular disease should be considered in a different light for these patients.
Our study showed that GAS has predictive value for the prognosis after vascular surgical procedures, because the survival from infrarenal aortic and infrainguinal procedures was similar,a nd therei sa need to perform external validation of GAS in vascular surgeryprocedures. Ourestimation is that GAS is highly valid for the high-risk group even at the selected cut-off GAS score of 77 and that the individual high-risk patient requires special attention. Thereafter, GAS has good negative predictive value for vascular surgery patients. The observations are in line with other studies concerning AAA surgery (4, 9) In vascular surgery,m ortality is not an outcome measure except in aneurysm surgery, where the aim of the surgery is to avoid aneurysm rupture and death. In the treatment of critical limb ischaemia, the aim is to prevent amputation and thus maintain the patient's mobility and independence. In carotid surgery,t he reasons for operating aret op revent stroke and death due to stroke. Surgery should be performed despite high risks if the patient's life expectancy is moret han one year.I ft he life expectancy is very short, however, an operationcausesunacceptableindividual suffering for all patients. The aim of this kind of study is to help us distinguish patients at an extremely high risk. The number of patients included in the current investigation is too low to make any far-reaching conclusions, but some of the findings may be useful in evaluating individual patients in everyday clinical work.
CONCLUSION
Mortality is low among patients with GAS <77. However, for the high-risk patients (GAS >=77), due to its low predictive value for death, GAS yields limited value in clinical practice. In cases of patients with all three risk factors (renal, cardiac and cerebrovascular), vascular surgery should be considered very carefully.
